The effects of 3-nitro-2,5-dichlorobenzoic acid (dinoben) and 3-amino-2,4-dlchlorobenzolc acid (chloramben) on lipid formation and on the incorporation of various substrates into lipids by intact seeds and subceflular fractions of germinating soybean (Glycine max [L.] Merr.
Recently, research on various aspects of soybean metabolism has increased substantially. However, little is known about specific metabolic processes in soybean during germination. In particular, lipid synthesis during germination of soybean has not been studied in great detail.
Quantitative and qualitative alteration of membrane lipid composition results in changes in chloroplast and mitochondrial functions and membrane permeability capacity (1, 9) . Thus, chemical inhibition of lipid synthesis could ultimately result in loss of photosynthetic and respiratory activity, plant necrosis, and changes in the nutritional balance of seedlings. Mann and Pu (8) have shown that 3-nitro-2,5-dichlorobenzoic acid (dinoben) inhibits 2-14C-malonate incorporation into lipids by excised hypocotyl of hemp sesbania (Sesbania exaltata [Raf.] 'Cory'). The reduced form, 3-amino-2,4-dichlorobenzoic acid (chloramben) stimulated 2-14C-malonate incorporation into lipids by the same tissue (8) . Both dinoben and chloramben are selective herbicides applied to soil for control of weeds in the germination-early growth stage In this study we report the effect of dinoben and chloramben on incorporation of labeled acetate and other substrates into lipids and the enzyme systems involved.
MATERIALS AND METHODS Seed Germination. After 3 hr imbibition, soybean seeds (Glycine max [L.] Merr. 'Amsoy') were germinated at 25 C in small test tubes (one seed/tube) in 0.5 ml of deionized H20 containing 0.25 ,uCi of 1-14C-acetate and the proper concentration of chloramben or dinoben. After 24 hr (unless otherwise indicated), the germinated seeds were transferred to 95 C deionized H20 for 2 min and then washed three times with 100 ml of water.
Extraction of Total Lipids. Ten germinated seeds (about 4 g) were homogenized for 3 min with 10 volumes (ml/g) of chloroform-methanol (2:1, v/v). The homogenate was left overnight at room temperature. The fine suspension was then filtered and the tissue residue was further extracted with 10 ml of the same solvent system.
Removal of Nonlipid Material. Sephadex G-253 column chromatography was used as described by Wells and Dittmer (22) and modified by Wuthier (23).
Silicic Acid Column Chromatography. Silicic acid column chromatography was used for the initial separation of neutral lipids from phospholipids and glycolipids by a stepwise elution. Heat-activated Hi-Flosil 100-200 mesh was treated and packed in a chromatography tube (2.5 x 30 cm) as described (12) . The solvent systems described by Rouser et al. (17) were used (Table I) .
Diethylaminoethyl (DEAE)-Celiulose Column Chromatography. The acetate form of DEAE-cellulose powder with an exchange capacity of 0.9 ± 0.1 meq/g was prepared according to the method of Rouser et al. (16) . The mixture of phospholipids to be fractionated (fraction 4 from the silicic acid column) was transferred quantitatively to the column as a solution in pure methanol. The solvent systems reported by Hitchcock and Nichols (5) were used (Table I) .
Thin Layer Chromatography. TLC was used to confirm the fractionation results of silicic acid chromatography and DEAE column chromatography qualitatively and to identify the labeled lipid classes. Aluminum TLC sheets precoated with Silica Gel F245, 0.25 mm thick, and plastic Polygram Sil G/UV254, 0.25-mm-thick sheets were used. Chromatography was performed at room temperature in chambers lined with filter paper. The solvent systems used for one-dimensional and two-dimensional TLC for fractions specified are shown in Table I . Spots were made visible by charring (15) and Rhodamine 6G (14) for total lipids. The molybdenum blue reagent (3) was used to detect chloramben in a total volume of 2 ml. The mixture was incubated in test tubes at 37 C for 2 hr. The reaction was stopped with 0.2 ml of 40% KOH. The lipids were extracted twice with 3 ml of chloroform-methanol (2:1, v/v). The nonlipid layer was removed and the lipid layer was separated from nonlipid material by Sephadex column chromatography as above. An aliquot was transmethylated with 15% boron trifluoride-methanol for fatty acid analysis. The methyl esters were analyzed by GLC. Two additional aliquots were taken: one from the lipid layer to determine the label incorporation into total lipids, and the other from the nonlipid layer for comparison studies.
Chemicals and Substrates. BSA, CoA, and GSH were obtained from Nutritional Biochemicals Corp. Glucose-6-P, ATP, NADH, NADP, NADPH, and glucose-6-P dehydrogenase were obtained from Calbiochem. 1-14C-Malonate and 2-14C-malonate were obtained from ICN Isotope and Nuclear Division. 1_14C_ malonyl-CoA and 2-14C-malonyl-CoA were prepared as described (21); ACP was isolated and purified from germinating soybean seeds as described (19). Solutions of dinoben and chloramben technical grade were prepared as described (8) .
Data. All data are averages of four to six replications.
RESULTS AND DISCUSSION Preliminary Experiments. Fractionation of total lipids by
column chromatography combined with quantitative and qualitative TLC of unlabeled soybean seeds, germinated for 24 hr at 25 C, revealed the presence of eight phosphorous-containing lipids. The four major components were: PC,4 PE, PI, and PG.
The minor components were: PS, PA, and the remaining two were unidentified. MGDG and DGDG were the major components of the glycolipid fraction. Another component gave a positive test with orcinol but was not identified. Sulfolipids, sterol glucosides and cerebrosides were also present, but no attempt was made to fractionate and identify their components.
The distribution of radioactivity in the newly synthesized lipid classes and individual lipid classes was determined in seeds germinated under the same conditions with labeled acetate (Table II) . The onset of lipid synthesis from 1-14(C-acetate showed a lag period of 9 hr after treatment (Fig. 1) . The majority of the radioactive fatty acids in germinating seed were present in phospholipids (68%). The second highest radioactive fraction was the neutral lipids (26%). Sulfolipids and glycolipids were found also to be highly labeled. The distribution pattern of newly synthesized fatty acids was different from that of endogenous fatty acids in mature seeds. Mature soybean seeds contain about 65% unsaturated fatty acids as their food reserve (10) . In germinating seeds, only 18% of the newly synthesized fatty acids were unsaturated and the bulk of radioactivity was found in palmitic and stearic acids (Table II) . Our results are similar to those of Harwood and Stumpf (4) for lipid synthesis in pea seeds germinating in the presence of 14C-acetate. However, in safflower and castor bean they detected labeled oleic and linoleic acids during the early stages of germination (4).
The localization of the different enzyme activities associated with the fatty acid-synthesizing system in germinating soybean seeds was tested by using various cell-free fractions and substrates (Table III (Fig. 2) . Inhibition increased with increased concentration of dinoben up to 67% at 20 ,ug/ml, the maximum for the experiment. Dinoben inhibited not only total lipids, but also lipid classes and their individual components (Table IV) . At 20 ,ug of dinoben/ml the incorporation of 1-'4C-acetate into the neutral lipid fraction was inhibited up to 73% while incorporation into the glycolipid and phospholipid frac- inhibited to various extents, it is likely that the inhibition site is associated with fatty acid synthesis enzymes and not with complex lipid synthesis enzymes. This is probably related to the limited amounts of fatty acids being synthesized rather than the actual incorporation of these acids into neutral and complex lipids. The evident decrease in the free fatty acids fraction supports this suggestion.
Chloramben stimulated the incorporation of labeled acetate into lipids (Fig. 2) . At 20 ,ug/ml the stimulation was as high as 25% of control. No attempt was made to fractionate total lipids into lipid classes. Figure 3a shows the inhibition pattern of incorporation of labeled acetate into lipids by dinoben in the mitochondrial, soluble, and microsomal fractions. Inhibition of acetate incorporation in the microsomal fraction by dinoben reached 99% (highest) of control at 20 ,ug/ml. Lipid synthesis from acetate in the soluble fraction was inhibited up to 92% of control at 50 jig/ml of dinoben. Inhibition was only 65% (lowest) in the mitochondrial fraction at 50 jig/ml of dinoben. This inhibition level was low in comparison with the crude preparation which was inhibited by 81% of control at the same concentration.
The pattern and levels of inhibition of lipid synthesis from acetate by dinoben were much different with the subcellular fractions than with intact seeds. Dinoben was a very effective inhibitor at low concentrations with cell-free fractions which may indicate that dinoben is not freely transported intercellularly in germinating soybean seeds.
The effect of chloramben on 1-_4C-acetate incorporation into lipids by cell-free fractions of germinating soybean seeds is shown in Figure 3b . At concentrations of up to 6 ,ig/ml, the soluble fraction was the only system being stimulated. At concentrations over 6 ,ig/ml the incorporation of acetate into lipids was increased in all systems. The highest stimulation was 43% with the soluble fraction at 50 ,ig/ml chloramben.
When dinoben (20 ,ug/ml) and chloramben (0, 5, 10, 15, 20, and 50 jig/ml) were tested in combination for effect on 1-'4C-acetate incorporation into lipids, no chloramben-induced differences in incorporation were detected at any concentration. (Fig. 4a) . The with the microsomal fraction (50%) at 50 ,ug/ml chloramben, followed by the mitochondrial fraction. The low response of the soluble fraction (20%) to the addition of chloramben was surprising, since on a protein basis this fraction was at least 2.5 times more active in lipid synthesis than the mitochondrial fraction.
When dinoben and chloramben were combined as previously indicated, the effect on labeled acetyl-CoA uptake was similar to that obtained with chloramben alone.
The effect of dinoben on the incorporation of labeled malonate into lipid by the soluble fraction and microsomal fraction is shown in Figure 5a . The mitochondrial fraction was excluded from this experiment since it lacked malonate thiokinase activity. Both cell-free fractions were extremely sensitive to dinoben at all concentrations tested. The soluble fraction inhibited malonate incorporation by 80% of control at 2 ug/ml of dinoben and 97% at 20,ug/ml. Malonate incorporation into lipids was stimulated in both systems by the addition of chloramben (Fig.  Sb) . Stimulation levels were up to 46% in the soluble fraction and 26% in the microsomal fraction at 15,ug/ml of chloramben.
Dinoben at concentrations up to 100,ug/ml inhibited incorporation of labeled malonyl-CoA into lipids only slightly. A slight inhibition (15%) at higher dinoben concentrations was noted in the soluble fraction and the microsomal fraction but there was practically no inhibition malonyl-CoA incorporation in the mitochondrial fraction. Figure 4b shows In summary, these experiments show that dinoben inhibited the incorporation of labeled acetate into lipids. However, 1-'4C-acetyl-CoA was incorporated actively into lipids in the presence of dinoben. Similarly, labeled malonate incorporation into lipids was strongly inhibited by dinoben, while 2-'4C-malonyl-CoA was not affected. Therefore, it is reasonable to conclude that dinoben is acting on acetate thiokinase and malonate thiokinase systems rather than on acetyl-CoA carboxylase and fatty acid synthetase systems. The chloramben site(s) of action seem(s) associated with either acetyl-CoA carboxylase or fatty acid synthetase or both. In support of these conclusions, when dinoben and chloramben were used in combination, chloramben did not reverse the inhibitory effect of dinoben when labeled acetate and malonate were the substrates. Dinoben did not reverse the stimulation caused by the addition of chloramben when acetyl-CoA and malonyl-CoA were used as the substrates.
Dinoben and chloramben, differing only by a nitro and amino functional group, affect different enzyme systems. This finding suggests one basis for differential herbicidal activity and possible selectivity among species during germination and early growth.
Dinoben is more toxic than chloramben to several species, including soybeans. Since fatty acids are necessary components of cell membranes and their synthesis is needed for newly developing membrane in the initial stages of seed germination, the severe inhibitory effect of dinoben on fatty acid synthesis might be responsible at least in part for its toxicity. However, before a definitive statement can be made, more work is needed on dinoben effects on fatty acid enzyme systems, and others, of more species, both tolerant and susceptible. The significance of the limited stimulatory effect of chloramben on fatty acid synthesis is not immediately apparent. Several different types of herbicides, both toxic and nontoxic to soybeans, also stimulate synthesis in other plants (8) .
